Adenoviruses are generally weak interferon inducers, triggering chicken embryo fibroblast cells by a UV-resistant viral component, probably the capsid or capsid elements, to produce 50 to 100 IU of interferon per ml. Adenovirus types 12, 18, and 31, however, can induce by a UV-sensitive mechanism 10 to 20 times more interferon than other types do. By using mutant and recombinant adenoviruses, we demonstrated that early region 1A was responsible for the enhanced interferon production of chicken cells infected with adenovirus type 12.
Interferons (IFN) are a group of proteins with diverse biological activities, whose production can be triggered by different inducers in cells (23) . Among inducers, the most often used are viruses. Although some studies provide support for viral components or products involved in IFN induction (hemagglutinin-neuraminidase glycoprotein and double-stranded RNA; 4, 9, 10, 16), the mechanism of inducer action has not been clarified yet.
Human adenoviruses induce IFN in nonpermissive chicken embryo fibroblast (CEF) cells (1, 26, 27) . IFN is not produced in adenovirus-infected human, monkey, mouse, and hamster cells (7) . Most of the adenovirus types investigated are weak IFN inducers in CEF cells (adenovirus type 2 [Ad2], Ad3, Ad4, AdS, Ad6, Ad9, AdlS, and Adl9), resulting in IFN of low titer, i.e., 50 to 100 IU/ml (26) . We have analyzed the inducing properties of Ad2 in detail to identify the viral component(s) required for IFN induction (26, 27) .
Since the IFN-inducing ability of Ad2 virions is relatively UV resistant and empty capsids lacking DNA are as effective inducers as complete virions are, it seems that the capsid or a capsid element(s) is responsible for activating the IFN gene in CEF cells infected by Ad2 and probably by other weak adenovirus inducers (26, 27) .
Some types (Adl2, Adl8, and Ad3l) are potent inducers, since they induce IFN up to a few thousand international units per milliliter in CEF cells (26) . The IFN-inducing ability of these potent inducers is largely UV sensitive (27 (Fig. 1A, lanes 1 to 3) . This UV dose resulted in more than a 100-fold reduction in infective titers of the viruses (26 (27) that the left part of the Adl2 WT genome (El region) might play a role in the high-IFN-inducing ability of this virus. To determine whether the Adl2 El region is in fact responsible for the high IFN yield, CEF cells were infected with Adl2 dl203E10, which is a deletion mutant of the El region (0.5 to 10 map units; K. Shiroki, unpublished results), and IFN titers were determined. Infected cells produced IFN in low titer, and the inducing ability of the mutant virus was UV resistant (Fig. 1A, lane 4) ; thus, as a consequence of the loss of the El region, Adl2 became a weak inducer. The IFNinducing ability of Adl2 d1203, a deletion mutant of the ElA region (1.4 to 4.2 map units; K. Shiroki, unpublished results) was identical to that of Adl2 dl203E10 (Fig. 1A, lane 5) . Furthermore, recombinant adenovirus Ad5 rc-1 (22) , whose genome has a deletion between 79.9 and 82.5 map units of AdS d1312 (12) DNA with an insertion of complete ElA (0.1 to 5.5 map units) of Adl2 DNA at the deletion site, induced IFN in high titer (Fig. 1A, lane 6) . More than 90% of the IFN-inducing ability of Adl2 rc-1, similar to that of Adl2 WT, was destroyed by UV treatment (Fig. 1A, lane 6) . The IFN-inducing ability of AdS d1312 was identical to that of AdS WT (Fig. 1A, lane 7) , indicating that the Ad5 ElA region was not required for IFN induction by AdS WT. These results showed that viruses containing the Adl2 ElA region were potent inducers, while viruses lacking this region were weak IFN inducers.
IFN induction by an Adl2 mutant defective in production of 13S ElA mRNA. Adl2 in203S produces normal 12S mRNA but contains a 6-base-pair insertion coding two amino acids (Pro and Gly) in the 13S mRNA-coding region and the 12S mRNA intron (18) . In Adl2 in2O3S-infected HeLa or KB cells, 13S-dependent early-viral-gene expression is not detected; therefore, the altered protein production of 13S mRNA is nonfunctional (18) . However, in CEF cells, the IFN-inducing ability of Adl2 in203S was identical to that of Adl2 WT at multiplicities of infection of 1,000 (Fig. 1A, lane  8) , 500, 250, and 100 particles per cell (data not shown).
Transcription of Adl2 ElA in CEF cells. Since the expression of Adl2 early genes has not been investigated in CEF cells, we analyzed the kinetics of IFN production in parallel with the appearance of ElA mRNAs in these cells. IFN production and the presence of transcripts were not detectable at 5 h postinfection (data not shown). Adl2 ElA mRNAs were present at 12 h; they reached the maximum level at 24 h, and they were barely detected at 36 and 48 h postinfection ( Fig. 2A) . These results indicate that the expression of the ElA gene in nonpermissive CEF cells was delayed compared with its activation in permissive cells (14, (Fig. 3A and B, lane 2) . In contrast, Adl2 WT, AdS rc-1, and Adl2 in2O3S infections triggered the cells to produce IFN of high titer, and Adl2 ElA mRNAs were observed in all cases ( Fig. 3A and B, lanes 1, 3, and 5 ). In Adl2 in203S-infected CEF cells, similar to KB cells (18) , the level of ElA mRNA was much lower than it was in Adl2 WT-infected CEF cells (Fig. 3A, lanes 1 and 5) . The kinetics of appearance of Adi2 ElA mRNA were similar in WT-and mutant-infected CEF cells (data not shown). 13S mRNA product, which has a positive regulatory function on ElA expression (18) . In human cells, the transcription of the Adl2 in2O3S E1B region is also reduced markedly because of the lack of an active ElA 13S mRNA product (18) . This effect could not be studied in CEF cells by Northern analysis, because the level of ElB-specific transcripts was extremely low even in Adl2 WT-infected cells.
Discussion. The results presented here show that an adenovirus was a potent IFN inducer if its genome contained the ElA region of Adl2 but that viruses containing the ElA region of Ad5 or no ElA region were weak inducers (Fig.  1A) . Thus, Adl2 WT was a potent IFN inducer, but its El and ElA deletion mutants (Adl2 dl203E10 and Adl2 d1203) were weak inducers (Fig. 1A, lanes 1, 4, and 5 ). On the other hand, the weak IFN inducer AdS d1312 became a potent inducer when the Adl2 ElA region was inserted into its genome (Ad5 rc-1; Fig. 1A, lanes 6 and 7) On the basis of these results and previous observations (27) , we propose a model of how Adl2 and either Ad2 or AdS induce IFN in CEF cells (Fig. 4) (6, 8, 24) , and endogenous (17) genes. Other members of subgroup A (Adl8 and Ad3M) are also potent inducers, probably because they carry ElA regions similar to that of Adl2.
IFN production of Adl2 in203S-infected cells was similar to that of Adl2 WT-infected cells (Fig. 1A, lanes 1 and 8) . Since the 13S mRNA product of the mutant virus is functionally defective (18) , it seems that the 12S mRNA or the altered 13S mRNA product is sufficient for stimulating IFN production. Recently, we have found that the 13S mRNA product alone is effective in the stimulation of IFN production, since an Adl2 virus carrying the cDNA of the 13S mRNA induced IFN at the WT level (unpublished results).
An interesting observation is that Adl2 and Ad5 ElA products behaved differently with respect to the stimulatory effect on IFN production in adenovirus-infected CEF cells. Similarly, expression of the class I major histocompatibility complex (MHC) antigens has been shown to be changed in Adl2-transformed cells as compared with cells transformed by Ad5 (3, 20, 29 
